-meningothelial (synonyms syncytial, meningotheliomatous, and endotheliomatous), fibroblastic (synonym fibrous), transitional (synonym mixed), and psammomatous. Additional histological variants were rarely reported and had to be conjoined into a single group for statistical purposes. Detailed reports on all histological subtypes and the 18 locations of the hemorrhagic meningiomas are illustrated in Table 1 .
We also included, however, several previously reported cases of malignant meningiomas (six cases) and angioblastic meningiomas (16 cases [now classified as nonmeningeal tumors 44 ]) because of their clinical and morphological similarity with benign meningiomas and the reports' comparability with previous studies. Patients with intraspinal and intraorbital meningiomas, those with known coagulopathies, or those undergoing anticoagulant therapy were excluded from the study.
Data were extracted from original Medline English-language articles through the end of year 2003 as well as from other available international articles to which the other reports referred.
Statistical Analysis
Descriptive statistics included frequency analysis of variables in all eight categories (age, sex, type of bleeding, location of lesion, histological type, state of consciousness, type of surgery, and outcome). These data are summarized in Table 1 .
The relationship between two categories was evaluated by the Pearson chi-square test (including Yates correction).
Chi-square testing was calculated for two-way or multiway cross-tabulation tables. Categorical variables were ranked by frequency, and if some categorical variables had very low expected frequencies (Յ five in Ͼ 20% of cells in the contingency table), these were conjoined to a single group, named "others." Statistical significance was tested for the following relationships: location and type of bleeding (3 ϫ 3 contingency table); survival and type of bleeding (2 ϫ 3 contingency table); and consciousness and survival (2 ϫ 2 contingency table). Patients who died of unrelated causes were excluded from the statistical analysis of survival data. Missing data were also excluded from the calculations. The statistical significance in the chi-square test was set at a probability level less than 0.05.
We compared data between two groups (those with bleeding meningioma and those with nonbleeding meningioma) by using the following BPI 33 for each categorical variable: BPI = proportion in bleeding meningioma (P1)/ proportion in all meningiomas (P2). Large series of data presented by Jellinger and Slowik 39 and MacCarty and Taylor 56 was used as a reference for all meningiomas. The BPI was computed to study bleeding propensity according to age, sex, intracranial location of the lesion, and histological type. An independent samples t-test for proportions was used to determine the statistical significance of the BPI according to the following equation:
where SD P1 Ϫ P2 is the standard deviation of (P1 Ϫ P2); P is the observed proportion in a sample; Q is 1 Ϫ P; and N is the size of a sample. If the critical value t = (P1 Ϫ P2)/ SD P1 Ϫ P2 was greater than 1.96, then the probability value was less than 0.05. Missing data were excluded from the calculations.
Statistical analysis was performed using commercially available software (SPSS for Windows, version 8.0; SPSS, Inc., Chicago, IL). * AB = angioblastic; ACP = anterior clinoid process; AM = angiomatous; AP = apex of pyramid; atyp = atypical; cliv = clival; cnvx = convexity; CP = conscious preoperatively; E = evacuation of hematoma (burr hole or craniotomy), followed by delayed meningioma resection; FCP = fossa cranii post; FOM = foramen occipital magnum; ITH = intratumoral hemorrhage; MC = Meckel cave; mlg = malignant; menin = meningothelious; NS = not stated; OG = olfactory groove; psgt = parasagittal; psam = psammomatous; PU = permanently unconscious; R = resection of bleeding meningioma and hematoma removal in one stage (craniotomy); SF = sylvian fissure; tent = tentorial; trans = transitional; TS = tuberculum sellae; UD = unconscious after deterioration.
† Died of other causes. ‡ The Zimmerman cases were cited by Goran, et al.
Illustrative Cases

Case 1
Presentation. This 44-year-old previously healthy woman presented to the local hospital complaining of sudden-onset headache, severe nausea, vomiting, and vertigo.
Examination. On admission the patient was alert without any cranial nerve deficits or nuchal rigidity. Six hours after admission her headache suddenly intensified and she reported numbness around her right eye and diplopia on right lateral gaze. She was fully alert and oriented at all times. Other significant clinical findings included a hypoactive right corneal reflex, lower right faucial arch, and tongue deviation to the right. There were no pyramidal signs or swallowing problems. Facial and vestibulocochlear nerve functions were preserved. Sensation was intact except in the face. She was receiving nimodipine (2 mg/hour) as well as analgesic and antiemetic agents.
Although examination of an admission lumbar puncture sample was negative, bloody CSF was observed the following day. Computerized tomography scanning, digital subtraction angiography, and MR imaging revealed a 2.5-cm solid, demarcated lesion that was hyperintense to contrast medium in the CPA, attached to the thickened tentorium-most likely tentorial meningioma bleeding ( Figs. 1  and 2 ).
Operation. The patient underwent a lateral suboccipital osteoplastic craniotomy while in the left lateral decubitus position. The dura mater appeared yellow on the posterior wall of pyramid, indicating recent hemorrhage. The tumor was dissected via a supracerebellar approach and was found to originate between the entrance of the trigeminal nerve into the Meckel (trigeminal) cave and the tentorial opening of cochlear nerve. The tumor was extremely prone to bleeding when manipulated. After the tentorium was excised around the tumor, with a 1-cm safety margin, the devascularized tumor was mobilized and removed in one piece.
Histological and Immunohistochemical Examinations. Histological examination showed a mainly fibroblastic growth pattern with some whorls. There were two mitotic figures per 10 hpf and the proliferation index was less than 1% based on the proliferation marker Ki-67. Foci of recent hemorrhages were seen along with nests of siderophores indicating previous intratumoral bleeding. Imunohistochemical analysis showed focal epithelial membrane antigen positivity as well as muscle antigens in tumor cells (positive reaction against sarcomatous actin and myoglobin but not against smooth-muscle actin). The vascular pattern was unremarkable, and there was no endothelial proliferation or angiomatous vascularization present. These microscopic features underscored the presence of an atypical meningioma with a mixed tissue pattern and low malignant potential.
Postoperative Course. The postoperative course was uneventful, and the patient suffered no additional deficits postoperatively. During the 5-year follow-up examination no neurological deficits or headache were documented and the patient had returned to her job.
Case 2
History and Presentation. This 74-year-old right-handed man had probably experienced his first grand mal attack in March 2001, when he was found lying on the floor and confused. He had been treated for arterial hypertension for the last 20 years and for Type II diabetes mellitus for the last 7 months. He had suffered a mild stroke 4 months prior to presentation. On the 4th day after admission he experienced a second grand mal attack.
Examination. Neurological examination revealed aphasia and a left hemiparesis that subsided completely within 2 hours. A diagnosis of stroke was suspected. An admission CT scanning study was not obtained.
The patient's blood pressure was 180/80 mm Hg, and his pulse was 67 bpm. On examination, biochemical markers were unremarkable except for a slightly elevated serum glucose level. Hematological analysis revealed normal blood coagulation. After the second seizure, CT scanning revealed a 5-cm parasagittal broad-based tumor in the right frontal region attached to the falx (Fig. 3) . On Day 12 MR imaging demonstrated several small intratumoral hemorrhages (Fig.  4) . Two small ischemic areas resulting from a recent stroke in the contralateral hemisphere were noted.
Operation. The patient underwent a right frontal parasagittal osteoplastic craniotomy 15 days after admission. The covering dura mater was thin and hyperemic, and the tumor surface was covered by a recent hematoma. The surrounding cerebral cortex was stained yellow. After the tumor was devascularized from the falx, it was totally excised using a piecemeal technique. The invaded part of the falx was resected while leaving safety margins. The sagittal sinus was not invaded. The tumor was soft and well demarcated from the surrounding pial surface. In its center there were several collections of coagulated blood admixed with tumor substance.
Histological Examination. We observed evidence of a mixed-type meningioma that had bled several times. Hemosiderin and siderophages were abundant, and the vascular pattern was unremarkable. There were no mitoses or atypical cellular features.
Postoperative Course. The patient recovered uneventfully and was discharged from the hospital on the 6th postoperative day without additional neurological deficits. Followup MR imaging 2 years later revealed no evidence of recurrence.
Results
Relation of Bleeding Meningiomas to Age and Sex
The bleeding propensity of intracranial meningiomas was more than twofold higher in patients who were older than 70 years or younger than 30 years of age (BPI 2.2 and 2.7, respectively; p Ͻ 0.05, independent samples t-test for proportions) ( Table 2 ). The patients' mean age was 54 Ϯ 17.5 years (range 4 months-85 years). In 57% of patients bleeding had occurred after 50 years of age.
Although there was some female preponderance (64.7%) for all menigiomas in the review by MacCarty and Taylor, 56 the hemorrhagic meningiomas were more equally distributed between both sexes (53.5% were female). A propensity for hemorrhage to occur secondary to unsuspected intracranial meningiomas was slightly higher in male patients (p Ͻ 0.05, independent samples t-test for proportions).
Relation of Bleeding Meningiomas to Intracranial Location
An increased tendency for bleeding in intraventricular meningiomas, first reported by Helle and Conley, 33 was reconfirmed in the current review (BPI 11.3; p Ͻ 0.05, independent samples t-test for proportions).
Although the convexity was the most common site for hemorrhagic meningiomas, this location was also associated with a threefold increased propensity for spontaneous bleeding (BPI 3.5, p Ͻ 0.05; independent samples t-test for proportions) ( Table 3) .
Relation of Bleeding Meningiomas to Histopathological Type
Meningotheliomatous meningiomas were the most common forms of meningioma found in our review, but they were not associated with an increased propensity to bleed (Table 4 ). An increased bleeding tendency was found for fibrous (BPI 2.8), malignant (BPI 4.1), and angioblastic (BPI 1.7) meningiomas. Statistical significance was only observed for fibrous meningiomas (p Ͻ 0.05, independent samples t-test for proportions; Table 4 ). These results did not change if angioblastic meningiomas were excluded from the calculations.
Although the location and histological types were not statistically related, there was a trend of grouping the meningiomas with increased bleeding propensity in the convexity (Ͼ 50% of angioblastic and fibrous bleeding meningiomas were located at convexity; see Table 1 ).
Relation of Intracranial Location of Bleeding Meningiomas to Major Type of Bleeding
The intracranial location of hemorrhagic meningiomas was statistically related to the major type of bleeding pattern (p Ͻ 0.05, chi-square test 48.6; df 4) ( Table 5) .
Convexity meningiomas were most unlikely to produce SAH, but 49.2% of convexity meningiomas produced SDH (Table 5) . Subarachnoid hemorrhage was present in 67.4% of tumor locations other than the convexity, parasagittal, and falcine regions. Parasagittal, falcine and convexity meningiomas produced 81% of intracerebral and intratumoral bleeding. Data pertaining to the remainder of the 18 intracranial locations are summarized in Table 1 .
Mortality and Morbidity From Bleeding Meningiomas
The overall mortality rate of hemorrhagic meningiomas in this study was 21.1% (13.9% in the CT scanning era [1975 and later]; Table 6 ). Data obtained in the nine patients who died of unrelated causes were excluded from statistical analysis regarding mortality rate. The overall morbidity rate observed for cases of hemorrhagic meningioma was relatively high (36%). This rate has not decreased considerably in the last decade (31.8%; Table 6 ); however, the surgery- Mortality and morbidity rates were also stratified by the type of bleeding. The mortality rate associated with SDH was the lowest (15.6%) and that with ICH was the highest (28.1%); however, the type of bleeding was statistically not related to the mortality rate. Slightly less than 50% of the patients surviving SAH or ICH and only 14.3% of those surviving SDH suffered a major deficit (data not presented in tables).
Maintaining or regaining consciousness was strongly correlated with survival (p Ͻ 0.0005; chi-square test 57.8; df 1). Whereas 20.3% of patients remained permanently unconscious, only 6.5% suffered deterioration shortly after admission to the hospital. The overall mortality rate associated with patients remaining unconscious was 74.1%. In half of these patients surgery was not chosen. Only 53.8% of unconscious patients survived if selected to undergo immediate salvage surgery. Patients who were conscious preoperatively fared much better (mortality rate 3.8%). In the last two decades no cases of death have been reported for such patients (Table 7) .
Discussion
Based on our review of the literature, the overall mortality rate associated with bleeding from unsuspected meningiomas has significantly decreased since the advent of CT scanning in 1975, from 21.1 to 13.9% (4.3% in the last decade). This decrease can be related to faster diagnosis, improved surgical techniques, and advanced intensive care unit monitoring, as well as to selection of patients in case reports. The extremely high mortality rate documented in the pre-CT scanning era (47.8%) was significantly influenced by the number of patients who did not undergo surgery (34.8%) because of their grave neurological condition. Modern diagnostic modalities for detecting intracranial hemorrhage, modern microsurgical techniques of tumor removal, and advanced therapies for postoperative care have dramatically decreased the surgery-related mortality rate from 20% in the pre-CT scanning era to 3.9% between 1985 and 1995, when the surgery-related mortality rate associated with hemorrhagic meningiomas was similar to the risk of death in all cases of meningioma. 39, 56 The attendant morbidity rates have decreased from 50 to 33.8% since the advent of CT scanning. A relatively small decrement in morbidity (33.8-31.8%) has been achieved in the last decade, underscoring a relatively high preoperative morbidity rate in cases involving hemorrhagic meningiomas.
The mortality and morbidity rates differ significantly when comparing patients who were conscious and those who were permanently unconscious or with clinical deterioration. In the present literature review of 145 patients, in whom an unsuspected meningioma hemorrhaged, we found that the surgery-related mortality rate in preoperatively conscious patients may approach those associated with nonbleeding meningiomas 39, 56 -that is, only 3.8%. In fact, this rate was approached before 1985, because no cases of surgery-induced death have been reported in preoperatively conscious patients since then; however, the overall mortality rate (for those surgically and nonsurgically treated cases) involving hemorrhagic meningiomas in the CT scanning era (7.5%) was twofold higher than that of nonbleeding meningiomas. 39, 56 In contrast, surgical intervention in permanently unconscious and functionally deteriorated patients decreased the overall mortality rate in this subgroup, from 74.1% to no more than 46.2%. Nearly 50% of unconscious patients were not selected for surgery. It can be concluded that the mortality rate of surgically treated patients can be further decreased if patients undergo the intervention before deterioration or as early as possible after onset. The high mortality rate documented in preoperatively unconscious patients should be interpreted cautiously because it is influenced by a small number of such patients included in case reports. There was no surgery-induced death in unconscious patients reported in the last decade (Table 7) . Surprisingly, only a minority of conscious patients underwent intracranial decompression in the first hours posthemorrhage or during the same day. This was due to logistical difficulties in diagnostic workup, especially in the pre-CT scanning era or to misdiagnosing the bleeding from a tumor with strokelike and other neurological symptoms solely on clinical grounds (cerebrovascular thrombosis, cerebrovascular or carotid insufficiency [transient ischemic attack or reversible ischemic neurological disease], basilar artery thrombosis, venous sinus thrombosis, acute organic brain syndrome, intracerebral hematoma, encephalitis, and meningitis; in younger patients the differential diagnosis may also include SAH, hypertensive encephalopathy, hypertensive apoplexy, multiple sclerosis, hysteria, and hyperemesis gravidarum). 58 A history of hypertension, previous stroke, negative results on lumbar puncture, and sometimes negative results on CT scanning 53 may all preclude the clinical diagnosis of stroke in favor of tumor bleeding; however, very few cases of hemorrhagic meningioma have been diagnosed in hypertensive patients, 31, 43, 57, 59, 81 as was present in Case 2.
In many patients with hemorrhagic meningiomas, there were some neurological symptoms and signs that suggested an irritative expansive lesion rather than cerebrovascular syndrome prior to the final hemorrhagic manifestation. 40, 54, 58 An awareness of atypical clinical features is important for early recognition of the true nature of bleeding and will affect the diagnostic workup, treatment, and ultimately outcome, especially in conscious patients.
Several atypical clinical features of classic SAH were present in Case 1 including the following: no neck stiffness and negative cerebrospinal fluid on admission day, unimpaired consciousness, a relatively mild second bout (after 6 hours) of bleeding with slowly evolving unilateral multiple cranial nerve palsies, unusual V1, and lower nerve palsies.
In the first case the patient presented more with an acute vertiginous syndrome in which there was evolution of unilateral localizing signs of lower nerves and V1 palsies, rather than acute intracranial hypertension.
A CT scan revealed blood around an irregularly enhancing expansive lesion in the CPA, but a large partially thrombosed vertebral or posterior inferior cerebellar artery aneurysm coincidental with the expansive lesion had to be ruled out by four-vessel digital subtraction angiography. Blush observed on the angiogram also excluded the unlikely diagnosis of symptomatic CPA cavernoma. Only MR imaging revealed the exact relation that the highly vascularized lesion shared with the tentorium and apex of the pyramid.
It was not possible to determine any objective clinical correlation to previous hemorrhages in our patient's history; however, in Case 1 the appearance of facial paresthesia, diplopia, and accentuated headache several hours after admission indicated a second hemorrhage episode with sudden tumor distension.
In Case 2 the patient suffered his first epileptic fit preceded by psychoorganic changes and narcolepsy, which were progressive during that preceding year. The second epileptic attack was probably produced by a second episode of intratumoral bleeding.
Deterioration is associated with rehemorrhage, ischemia, and progressive edema. Massive intracerebral bleeding secondary to unsuspected meningioma has rarely been reported 25, 30, 41, 49, 65 and thus it was not the principal cause of deterioration or death.
The time pattern of rebleeding(s) or deterioration after the first hemorrhagic manifestation secondary to the unsuspected meningiomas was not recognized in the present study and remains unpredictable in individual cases. Deterioration is most likely to occur in the first hours or day(s) after the major hemorrhagic event. 5, 15, 21, 29 There are, however, well-documented reports of unrecognized bleeding sources months 12, 15 and even years 51, 59 before catastrophic meningioma bleeding, and even days 5, 53, 84 or months 31 after evacuation of hematoma secondary to unrecognized meningiomas. Subtotal resection, probably resulting in early fatal rebleeding, was rarely cited in the reports. 9, 84 Hematoma evacuation and hemorrhagic meningioma resection in one stage was the principal treatment. Evacuation of hematoma via a burr hole was undertaken only five times and was promptly followed up by craniotomy, hematoma evacuation, and tumor resection in four surviving patients of five. 5, 12, 29, 59, 95 In the last case, reported in 2001, a favorable outcome was achieved after craniotomy and evacuation of an acute SDH twice in 2 weeks before a parasagittal meningioma was discovered and completely resected. 53 The surgery-related mortality rates associated with both approaches seem to be comparable (21.3 and 16.7%) in selected cases.
Bleeding secondary to unsuspected meningiomas was more likely to occur in convexity and intraventricular locations (Table 3) . Hemorrhage into unrestrained cerebrospinal fluid space may be the phenomenon that explains intraventricular bleedings. The same is true for tumoral SAH, which mostly manifests in hemorrhagic meningiomas located outside the convexity and parasagittal regions (Table 5 ). Convexity meningiomas produced subdural bleeding in nearly half of the cases (Table 5) . Minor head trauma 31, 35, 40, 54, 79, 96, 107 and/or vascular supply and drainage anomalies 68,81 may contribute to an increased bleeding tendency in convexity meningiomas.
Although the lesions' locations and histological types were statistically unrelated, there was a trend of meningiomas with increased bleeding propensity to be located in the convexity (Ͼ 50% of angioblastic and fibrous bleeding meningiomas were located at the convexity; Table 1) .
Nonmeningeal tumors such as hemangiopericytomas and hemangioblastomas (historically included under the grouping "angioblastic meningiomas"), 75 other meningioma-mimicking tumors previously reported, and malignant variants of meningioma 10, 29, 31, 67, 84, 93 should be considered in the radiological differential diagnosis of the bleeding or accidentally documented meningioma. The proportions of angioblastic (16%) and malignant (5.7%) hemorrhagic variants of meningiomas were found to be higher in the present review (Table 4 ) than in meningiomas overall; 39, 56 however, an increased bleeding propensity was not statistically reconfirmed in the present study. 33 Pitkethly, et al., 75 did not document any cases of bleeding in 81 patients with angioblastic meningiomas. An increased bleeding propensity of angioblastic and malignant tumors, however, might become statistically significant once the total number of future cases has accrued.
Small hemorrhagic foci and nests of siderophages in histological specimens indicate previous silent intratumoral hemorrhages. 8, 40, 51, 57, 59 The mechanisms of spontaneous intratumoral hemorrhage in meningiomas, not yet understood, may include the following: 1) Compensatory enlargement as with parietal wall weakening of blood vessels supplying or draining from meningiomas was one of the first explanations.
2,68,76 2) Angiomatous-like areas with thinned and friable vascular walls were found as a source of intratumor bleeding in only a few cases. 10 40 reported finding granulation tissue around a central area of necrosis and hypothesized that bleeding derived from neovasculature. 5) Similarly, bleeding from a neomembrane on the inner surface of the dura in proximity to the meningioma has been proposed by some authors. 36 ,74,95 6) Meningeal invasion of the vessel wall may be at work in vessel disruption, obliteration, or occclusion. 88 7) Popovic, et al., 77 have proposed histamine-associated intratumoral hemorrhage in mast cell-rich meningiomas. 8) Concomitant vascular malformation 68, 81 or aneurysm 6,67 may influence the hemodynamics of the meningioma. 9) Hypertension and diabetes are known systemic illnesses that affect small vessels. In our literature review, we noted only a few cases involving arterial hypertension or diabetes, 31, 43, 57, 59, 81 as was present in Case 2. 10) Blood dyscrasias (primary 81 or secondary to medication 73 or chronic alcohol abuse 9, 52 ) and anticoagulation 21 increase the propensity of meningiomas for bleeding. The role of aspirin and other nonsteroidal antiinflammatory drugs cannot be neglected as an important risk factor, especially in patients with chronic pain due to headache, rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, gout, Reiter syndrome, renal colic, or metastatic bone pain. Some meningiomas may alter coagulation by producing humoral factors. 86 11) Minor head trauma has been considered in the pathogenesis of hemorrhage from meningiomas in several cases. 31, 35, 40, 54, 79, 96, 107 The stretching of the subdural bridging veins by slow-expanding meningiomas may render them susceptible to tearing in minor head trauma. This may be true in some parasagittal or convexity meningiomas in which pure SDH 16 or SAH 13 occurs. In cases with pure intratumoral bleeding, head injury is unlikely to be causative. 103 The authors of reports on peritumoral (mantlelike) bleeding in meningioma have suggested that the origin of the hemorrhage is in the periphery of the tumor or the braintumor interface. 42, 45, 83 Tumor growth-induced venous distension or venous compression may result in peritumoral edema due to venous flow obstruction and subsequent hemorrhagic infarction. 21, 30 Other reported precipitating factors included severe coughing, 20 physical activity, 35 epilepsy, 2,43,52,60 sexual activity, 28 emotional trauma, 70 irradiation, 40, 65 and embolization of meningioma. 32 In the present analysis we addressed the issue of bleeding propensity in meningiomas exclusively based on cell type, but not on the lesion's biological features as a recurrence, local agressiveness, or malignant alteration. These data were not accessible from the case reports.
Conclusions
Satisfactory outcome in patients with hemorrhagic meningiomas depends on prompt diagnosis and emergency intracranial decompression. Contrast-enhanced CT scanning, MR imaging, and four-vessel cerebral angiography in combination offer the highest diagnostic sensitivity; however, these studies should be performed as early as possible in every patient presenting with any atypical features of stroke or SAH, especially when examination of lumbar puncture and unenhanced CT scanning findings are not conclusive.
Emergency one-stage hematoma evacuation and hemorrhagic meningioma excision is the treatment of choice, with an expected perioperative mortality rate of less than 7.5% since the advent of the CT scanning era (Ͻ 3% in preoperatively conscious patients). Emergency intracranial decompression involving burr hole evacuation of hematoma and followed promptly by total tumor resection upon clinical improvement provide an alternative approach in some deteriorated or continuously unconscious patients in whom irreversible brain damage has not yet occurred.
